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Course Description

Fiber-reinforced polymer (FRP) materials have emerged as an
alternative for producing reinforcing bars for concrete structures.
Due to other differences in the physical and mechanical behavior
of FRP materials versus steel, unigue guidance on the
engineering and construction of concrete structures reinforced

with FRP bars is necessary.




Learning Objectives

Understand the mechanical properties of FRP bars
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ne behavior of FRP bars
ne design assumptions

ne flexural/shear/compression design procedures of

concrete members internally reinforced with FRP bars

Describe the use of internal FRP bars for serviceability &
durability design including long-term deflection

Review the procedure for determining the development and
splice length of FRP bars.
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Content of the Course

FRP-RC Design - Part 1, (50 min.)

This session will introduce concepts for reinforced concrete design with FRP rebar. Topics will
address:

« Recent developments and applications
 Different bar and fiber types;

« Design and construction resources;

« Standards and policies;

FRP-RC Design - Part 2, (50 min.)

This session will introduce Basalt FRP rebar that is being standardized under FHWA funded project
STIC-0004-00A with extended FDOT research under BE694, and provide training on the flexural
design of beams, slabs, and columns for:

« Design Assumptions and Material Properties
« Ultimate capacity and rebar development length under strength limit states;
« Crack width, sustained load resistance, and deflection under service limit state;




Content of the Seminar

BFRP-RC Design - Part 3, (50 min.)
This session continues with Basalt FRP rebar from Part Il, covering shear and axial design of
columns at the strength limit states for:

« Ultimate capacity — Flexural behavior (Session 3a);

« Shear resistance of beams and slabs (Session 3b);

« Fatigue resistance under the Fatigue limit state

« Axial Resistance of columns;

- Combined axial and flexure loading.




Session 3b: Shear Behavior

Session 4: (1:30 pm - 2:30 pm)
Shear behaviour

« - Design philosophy

* - Shear strength

« - Design examples
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Session 3b: Shear Behavior

Stress-Strain Relationships for FRP Bars
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Session 3b: Shear Behavior

Shear Strength of FRP Reinforced Members

* FRP has a relatively low modulus of elasticity

* FRP has a high tensile strength and no yielding point

* Tensile strength of a bent portion of an FRP bar is
significantly lower than a straight portion

 FRP has low dowel resistance
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Session 3b: Shear Behavior

Shear Strength of FRP Reinforced Members

« Concrete reinforced with FRP has a lower shear strength
than concrete with steel reinforcement

* Increased crack width —  Less aggregate interlocking

« Small compressive —>  Less concrete resistance in
zone depth the zone compressive
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Session 3b: Shear Behavior

Most of the design codes and design guidelines recommend
the following simplified approach for shear design:

Vn - ch+ st+ Vp
where

V, = nominal shear strength
V= concrete contribution to shear strength
V¢ = shear reinforcement contribution to shear strength
V|, = prestressing resisting component
11
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Session 3b: Shear Behavior

Applied Load
(3) Archin 1.~ I »1/ (1) Uncracked
e g _ ‘/I I concrete
o I (2) Aggregate
7 I / \ interlock
7 I (4) Residual tensile
/ v stresses
/ (6) Shear reinforcement

(5) Dowel action

=
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Session 3b: Shear Behavior

Beam CN-3 Beam GN-3

Diagonal tension failure mode
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Session 3b: Shear Behavior

Size Effect
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Session 3b: Shear Behavior

Beam B1l-1

Diagonal Tension Failure Mode
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Shear Behaviour of Concrete Bridge Girders Reinforced with FRP
Stirrups (T-Section) — MTQ Research Project (2007-2009)

Shear Failure of SC-9.5-2 (CFRP @ d/2)
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Shear Behaviour of Concrete Bridge Girders Reinforced with FRP
Stirrups (T-Section) — MTQ Research Project (2007-2009)
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Shear Behaviour of Concrete Bridge Girders Reinforced with FRP
Stirrups (T-Section) — MTQ Research Project (2007-2009)
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Session 3b: Shear Behavior

Shear Behaviour of FRP RC Beams

GFRP-Cages




Session 3b: Shear Behavior

Shear Behaviour of FRP RC Beams: GFRP & CFRP
Stirrups

CFRP Stirrups o 20




Shear Behaviour of Concrete Bridge Girders Reinforced with FRP
Stirrups (T-Section) — MTQ Research Project (2007-2009)

SYMPOSIU




Shear Behaviour of Concrete Bridge Girders Reinforced with FRP
Stirrups (T-Section) — MTQ Research Project (2007-2009)
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Shear Behaviour of Concrete Bridge Girders Reinforced with FRP
Stirrups (T-Section) — MTQ Research Project (2007-2009)
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Session 3b: Shear Design (CSA-S806)

Shear design is similar to the simplified method of CSA
A23.3-14, i.e.

Vr = Vc + Vs,F
V. accounts for
« Shear resistance of uncracked concrete
« Aggregate interlock
« Dowel action of the longitudinal reinforcement
« Arching action
Vs = Shear carried by the FRP shear reinforcement




Session 3b: Shear Design (CSA-S806)

* For FRP Stirrups

V., =V +V ¢
* For Steel Stirrups
V., =V +V ¢
« However, V,shall not exceed
| Mdcvf _
Vi max = 0,22¢, fcbwdV + 0, 5V + Y
L | 25
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Session 3b: Shear Design (CSA-S806)

If the member effective depth does not exceed 300 mm and
there is no axial load:

V. =0.052¢.k k (f.) b,d, ST —
V,.<0.22 1/f' b, d
Where C @C C " w~V
Y V,>0.11¢,./f .b,d,
k = vid <1 ’
M, .
f'<60MPa

ke =1+ (Ep oy )"

or if the member effective depth exceeds 300 mm and transverse
shear reinforcements are equal or greater to A, ., (Clause 8.4.4.8)
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Session 3b: Shear Design (CSA-S806)

To account for size effect, for sections with an effective
depth greater than 300mm and with less transverse

reinforcement than A, n

V, =0.052¢,k kK, (f.) b,d,

m ' 'S
where

750

k, =
450 +d

<1

27
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Session 3b: Shear Design (CSA-S806)

« Shear Carried by Transverse Reinforcement

« For Members with FRP Transverse Reinforcement
— O4¢F AFVfFu d
S

V vcotd

s, F

« For Members with Steel Transverse Reinforcement

V., = PAL g
| S

f-, shall not be greater than 0.005E-
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Session 3b: Shear Design (CSA-S806)

Minimum Shear Reinforcement

A minimum area of shear reinforcement shall be
provided In all regions of flexural members where

Vi> 0.5V + OV, or T¢>0.5T,,.

This requirement may be waived for:
Slabs and footings

«Concrete joist construction

-Beams with total depth not greater than 250 mm

-Beams cast integrally with slabs where overall depth is not greater than
one-half the width of the web or 600 mm.




Session 3b: Shear Design (CSA-S806)

« Minimum Shear Reinforcement

* The minimum are of FRP shear reinforcement
shall be such that

- b,s
Ar =0.07,[f —
) Fu

f=, shall not be greater than 1200MPa or 0.005E.




Session 3b: Shear Design (CSA-S806)

 Shear resistance is calculated as:

V.=V, +V,<0.254.f b, d

w ~long

Where V. =25 ¢ f, b, d

v “long

_ ¢ﬂp Afv ffv dlong cotd
S
=0.72h or 0.9d

Vsr

d

long

_ 31
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Session 3b: Shear Design (CSA-S806)
Simplified Method

For sections with at least & =42
minimum shear reinforcement B = 0.18

o o)
For sections without minimum 0=42

shear reinforcement 5= 230
1000 +d

long

FDOT) 32
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Session 3b: Shear Design (CSA-S806)

General Method

s__ 04 1300
(1+1500 &,) (1000+S,,)

6 =(29+7000 ¢, )(0.88+ S, / 2500)
S,, =300mm

_ (Mf/d/ong) +\/f

x 2 E A

33
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Session 3b: Shear Design (CSA-S806)

The stress in FRP stirrup, f;, , is calculated
as:

f,

4

- 0.004E,, <f,_,

fuv —
b

£ = (0.3 +0.05;—bjf <f

_ 34
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Session 3b: Shear Design (CSA-S806)

e Minimum Shear Reinforcement

AfV’min — OO6\/E b]\:v >

fv
$<0.75d, or 600mm if V;<0.14.f,

$<0.33d, or 300mm if V;>0.14rf,

/ong

W /ong

35
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Session 3b: Shear Design Example (CSA-S806)

A normal density concrete beam needs to carry a dead load of 17.5 N/ mm and
live load of 20 N/mm over a 6000 mm single span in addition to its own self-
welight. Information on the beam cross-section and longitudinal reinforcement i1s

provided below. Determine the required amount of shear reinforcement using
GEFRP ISOROID Stirrups.

GIVEN:

Dimensions: b=350mm d=515mm h =600mm 1I.= 6000 mm
Concrete Strength: f'« = 40 MPa

Flexural Remnmforcement: Afgp = 1131 mm? |2 Layers| Egp = 147 GPa, ds

= 464 mm
Shear Reinforcement: fege = 770 MPa Eapy = 43.9 GPa
Section Properties: Mgr = 418.9x10° N'-mm Meer = 149x106 N'-mm  eer — 33
N/ mm
Viser = 99.3 x 103 N [Support]

36

N
crrs Y YMPOSIUM




Session 3b: Shear Design Example (CSA-S806)

we = 58.0 kN/m

RSN T T N N A

10 - 12 mm diameter CEFRP

4

R R

Leadline
'//
| 6000 -
01741 L G15:1481)
| _(3000,22.5)
T
Distance [mm|]
L‘ ———
_— (3000,-22.5) ~
Force [kN] ~ e T—
(5485,-148.1)

——— Shear Envelope [Live Load on Half the Beam |
= Shear Force Diagram [ Total Load]

(6000,-174.1)




Session 3b: Shear Design Example (CSA-S806)
CAN/CSA-S6-14 Design Code

Factored Load

1.2wp +1.7 W |
1.2 (17.5+5 KN/m) + 1.7 (20 kN/m)
61 kN/m

Wy
Wy
Wy,
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Session 3b: Shear Design Example (CSA-S806)
CAN/CSA-S6-14 Design Code

Shear and moment at critical section:

(at a distance d,,,; away from the support; d,;,,=463.5 mm)

diong= 0.9 d =0.9x515=463.5 mm
Vi=w,L/2-w,d,

V=61 x6.0/2 —-61x0.4635 = 154.7 kN
M;=61x3.0x0.4635 — 61x(0.4635)%/2=78.3 kN.m

FFFFF \

fh.mpc-ﬁmnom
SYMPOSIUM




Session 3b: Shear Design Example (CSA-S806)
CAN/CSA-S6-14 Design Code V :

Ve =25 B ¢ 1 b, g

ong

f, =0.4,/f =0.4\/40 =2.53 MPa <32 MPa

04 1300
= (141500 5,) (1000+S,,) 2

M, /dions ) +Vs  (78.3/0.515)+154.7
£, _(My/erg) +Vi _ (78.3/0.515)+ <1000 = 0.001 < 0.003
2E A 2 x1131x 147000
- 0.4 1300

(1+1500x0.001) (1000+300)
40

FDOT)
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Session 3b: Shear Design Example (CSA-S806)
CAN/CSA-S6-14 Design Code

V., =2.5x0.267x0.75x2.53x350x463.5x10~° =205.47 kN

>V Use minimum stirrups

. AL
max '
0.06,/f.b,
_ 2x71.26x0.004x 43900
0.06+/40 x 350

S =188mm

max

Use GFRP No. 3 stirrups with s=180 mm
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Session 3b: Shear Design Example (CSA-S806)
CAN/CSA-S806-12 Code

Factored Load

w,,, = 0.35%0.60%24=5 kN/m
w,=125wy +1.5w

w,=1.25 (17.5+5 kN/m) + 1.5 (20 kN/m)
w, = 58 kN/m

SYMPOSTUM




Session 3b: Shear Design Example (CSA-S806)
CAN/CSA-S806-12 Code

Shear and moment at critical section:

(at a distance d, away from the support; d =463.5 mm)

V,=w,L/2-w,d

V,=58x6.0/2 -58 x0.4635 =147.12 kN

M,=w, (L/2) d - w,d?/2

M, =58 x3.0x0.4635 — 58 x 0.46352%/ 2
=74.4 kN.m

FFFFF \

ﬁa.mpc-ﬁmnom
SYMPOSIUM




Session 3b: Shear Design Example (CSA-S806)
CAN/CSA-S806-12 Code V

V., =0.05 2 ¢, k,, k,(£.)" b,d,
d, =0.7x600=420mm or 0.9x515=463.5mm
d, =463.5mm

1131

P = 350x515

—1+ (1 47000 x0.0063)"° =10.75

\/147.12x0.515 -
74.4

V_,=0.05x1x0.6x10.75x1.0x(40)"® x350x463.5x1.0x107°
=178.9 kN
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Session 3b: Shear Design Example (CSA-S806)

CAN/CSA-S806-712 Code
V> Vs

Use minimum shear reinforcement

f,, <0.005E; =0.005%x43900 =219.5 <1200 MPa ok
- b._S
A =0.07.f X
sf - 0_4]?“

GFRP No. 3 2x71.26=0.07/40 20t s=80mm
0.4x219.5

GFRP No.4 2x126.68=0.07/40 990%S S =143 mm
04x219.5

Use GFRRP stirrups No.4 @ 140mm

_ 45
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Session 3b: Shear Design Example (CSA-S806)

Additional Shear Design of Beam
Reinforced with GFRP Bars
According to CSA S806-12

46
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Session 3b: Shear Design Example (CSA-S806)

Loads:
Dead load (D.L)=85kN/m j—+—++++ ¢+ ¢+ + ¢

7m

Live load (L.L) =40 kN/m ) " | 5

Service limit state (W, ) =85 + 40 = 125 kN/m
Ultimate limit state (W, ) =1.25*85+1.56*40=166.25 kN/m

40cm
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Session 3b: Shear Design Example (CSA-S806)
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Session 3b: Shear Design Example (CSA-S806)

49



Session 3b: Shear Design Example (CSA-S806)
Design Steps

Design for shear force

+ Calculate concrete contribution.
% Calculate GFRP stirrups contribution

50
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Session 3b: Shear Design Example (CSA-S806)
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Session 3b: Shear Design Example (CSA-S806)
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Session 3b: Shear Design Example (CSA-S806)
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Session 3b: Shear Design Example (CSA-S806)
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Session 3b: Shear Design Example (CSA-S806)
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Session 1: Introduction

End of Session
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Co-presenters:

Raphael Kampmann PhD
FAMU-FSU College of Engineering
Tallahassee, FL.
kampmann@eng.famu.fsu.edu

Marco Rossini, PhD student
University of Miami.

Coral Gables, FL.
mxrl465@mami.edu

Questions

FDOT Design Contacts:

Steven Nolan, P.E.

FDOT State Structures Design Office,

Tallahassee, FL.
Steven.Nolan@dot.state.fl.us

FDOT Materials and manufacturing:

Chase Knight, Ph.D, P.E.

State Materials Office,

Gainesville, FL.

Chase.Knight@dot.state.fl.us 57
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